Introduction {#sec1}
============

Chronic kidney disease (CKD), a gradual loss of kidney function over time, has become a national public health problem because of its widespread prevalence in the past decade.[@bib1], [@bib2] CKD commonly is affiliated with significant economic burdens to patients and has become a major challenge for healthcare systems.[@bib1], [@bib2] Nevertheless, in view of healthcare-related expenditures, comprehensive CKD treatment has been reported to be cost effective: slowing the development and progression of disease and associated complications.[@bib1], [@bib3]

A growing evidence has indicated that there is a variety of pathological alterations occurring in the oral cavity are strongly associated with CKD or CKD therapy.[@bib4], [@bib5] Although the exact causal associations between diseases is complicated,[@bib5] it is widely accepted that CKD can affect the oral health status; likewise, poor oral health has influence on the progression of CKD.[@bib4], [@bib5], [@bib6], [@bib7] Accordingly, these findings would justify an greater attention and awareness to dental care in CKD patients.[@bib4], [@bib8]

As maintaining oral health allows for a better clinical and economic prospect for CKD patients; comprehensive evaluation and management for patients by specific dental specialists, such as periodontists and endodontists is highly recommended.[@bib5], [@bib6], [@bib7] However, there is limited information discussing the association between the effects of restorative dental treatments on the estimated glomerular filtration rate (eGFR) and kidney function. Moreover, recent publications on healthcare expenditures in CKD have concentrated mainly on hospitalization costs[@bib9], [@bib10], [@bib11] and individual co-morbidities[@bib12], [@bib13], [@bib14] rather than dental care. Apart from our previous study investigating the possible correlation between utilization of dental services and CKD outcomes;[@bib8] no other links between the dental restorative treatment modalities and the progression of kidney disease in CKD population have been studied. Furthermore, there are no existing large, and well-designed population-based studies that provide better scientific evidence to discuss the causation of dental restorative treatment expenditures and resource utilization for CKD patients. This study aims to examine utilization and expenditure for restorative dental treatment modalities in CKD patients through conducting a retrospective claims database analysis.

Materials and methods {#sec2}
=====================

Data source and validation {#sec2.1}
--------------------------

This nationwide hospital-based study recruited individuals from National Health Insurance Research Database (NHIRD), released by the National Health Research Institutes (NHRI). Taiwan launched its National Health Insurance Program (NHIP) on 1st March 1995, and by 2009, a coverage rate of the program had reached 99% of the population.[@bib8], [@bib15] The NHIRD contains complete medical information of all insured individuals, including diagnoses, healthy services and claims records for reimbursement. The Bureau of NHI regular justifies and validates medical charts to ensure the accuracy of diagnosis coding system in the NHIRD. Thus, a high fidelity of coding in the NHIRD is considered, and the NHIRD provides a promising statistical representation of data for analyzing epidemiological profiles of the entire Taiwanese population. The NHIRD has been used in several high-quality international peer reviewed journal articles regarding the CKD patients in Taiwan, supporting its validity for research studies.[@bib8], [@bib16]

Study design {#sec2.2}
------------

For this study, a total of 10,457 subjects within the NHIP database between 1st January 2006 and 31st December 2010 were analyzed. Study participants were randomly selected and a face-to-face interview was performed to collect the information including present health status, past medical history and family medical history (e.g., diabetes mellitus, cardiovascular diseases, hypertension, cerebrovascular diseases, CKD). Physical examination and anthropometric measurements (e.g., body weight, height, body mass index, waist circumference), and laboratory examination (e.g., estimated glomerular filtration rate) were also performed. Additionally, a demographic questionnaire eliciting information about socio-economic and oral behavioral risk factors (e.g., cigarette smoking, betel nut chewing, and alcohol consumption) was also collected. This study was conducted in full accordance with the World Medical Association Declaration of Helsinki, and the ethics approval for this study was given by the Institutional Review Board of Tri-Service General Hospital, National Defense Medical Center (TSGHIRB 097-05-119). Written informed consent was received from participants before their inclusion in the study.

Definition of participants {#sec2.3}
--------------------------

The present and previous medical history of each participant was collected by calibrated and well-trained investigators. The phlebotomy was performed by medical scientist to collect blood specimens from each study participant, then send to laboratory for analyzing and calculating the estimated glomerular filtration rate (eGFR) in accordance to the Modification of Diet in Renal Disease study equation.[@bib17] Based on the information gathered from reviewing medical history and reports of laboratory analyses, three groups were further categorized: "Healthy control (HC)", "High risk (HR)", and "Chronic kidney disease (CKD)".

For HC group, these subjects were recruited from health evaluation units or communities around participating medical centers for annual routine health examination. Individual with an eGFR ≥60 (mL/min/1.73 m^2^), and denied medical history with renal-related disorders and associated family members should have no history of renal diseases.

HR group were defined for those with an eGFR ≥60 (mL/min/1.73 m^2^) in addition to fulfilling one of the following requirements: (1) being diagnosed diabetes mellitus (DM), hypertension, or cardiovascular disease; (2) having a family member diagnosed with CKD or receiving dialysis treatment.

The CKD stages were defined according to the US National Kidney Foundation\'s 2009 guideline,[@bib18] with subdivision of stage 3 into stage 3a (eGFR 45--59 ml/min/1.73 m^2^) and stage 3b (eGFR 30--44 ml/min/1.73 m^2^).[@bib19]

Dental restorative treatment modalities utilization and expenditures {#sec2.4}
--------------------------------------------------------------------

In Taiwan, the prevalence of end-stage renal disease (ESRD) reached 2584 per million in 2010, and treatment of ESRD places an enormous financial burden on our country.[@bib20] As retaliation, the Taiwanese government launched a project of multidisciplinary care for CKD patients in 2004, which includes dental care. This service for CKD patients is available throughout Taiwan and is also covered by the NHI program.

In this study, these patients\' first ambulatory care visits for dental restorative treatment between 1st January, 2000 and 31st December, 2008 were assigned as the index date use of healthcare. At the end of the four-year study, every participants\' claims data regarding their dental restorative treatment utilization and expenses, particularly in amalgam filling (AF) and composite resin filling (CR), were obtained retrospectively from NHIRD for further analysis ([Fig. 1](#fig1){ref-type="fig"}).Figure 1Flow chart of the selection process of the study participants.Figure 1

Potential confounders {#sec2.5}
---------------------

The OPD prescription and therapeutic coding system for DENT (40--49) of each participant was retrieved and transcribed from NHIRD. The expenditures and utilization for dental services were defined according to diagnoses in the NHIRD, which are coded using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) coding scheme. The dental restorative procedure codes were defined as: amalgam filling (AF; ICD-9-CM code: 5210--5219; therapeutic code: 89001--8903); anterior teeth composite resin filling (ICD-9-CM code: 5210--5219; therapeutic code: 89004, 89005, and 89012); and posterior teeth composite resin filling (ICD-9-CM code: 5210--5219; therapeutic code: 89008, 89009, and 89010). The dataset after merging with NHIRD was further transcribed for further statistical analysis.

Statistical analyses {#sec2.6}
--------------------

Statistical analyses were performed using the SAS 9.13 system (SAS system for windows, version 8.2. SAS Institute Inc. Cary, NC) and SPSS 18.0 software package (SPSS Inc., Chicago, Illinois). When appropriate, the study groups were described characteristically by their mean expenditures and frequency of medical care visits. Through the chi-square test and one-way analysis of variance (ANOVA), statistical differences in categorical variables and continuous variables between the three groups were determined respectively. Statistical significance level was set at p \< 0.05.

Results {#sec3}
=======

The selection process and recorded information of the 10,457 eligible participants were illustrated ([Fig. 1](#fig1){ref-type="fig"}). The study participants comprised three groups: health control group (HC, n = 1438), high risk group (HR, n = 3392), and CKD group (CKD, n = 5627) were further categorized based on their clinical diagnosis. The demographic characteristics (e.g., gender, age, residential region area) and socioeconomic status (e.g., education level, occupation, household income) exhibited significant differences among all groups (all p \< 0.001) ([Table 1](#tbl1){ref-type="table"}). Regarding socioeconomic status, the CKD group had higher unemployment rate (56.7%), lower household income (≤40,000 NT\$, 71.8%), and lower education achievement (\<college level, 84.3%) in comparison to other groups ([Table 1](#tbl1){ref-type="table"}).Table 1Demographic data and socioeconomic status of eligible subjects.Table 1Parameters/GroupsHC (n = 1438)HR (n = 3392)CKD (n = 5627)p[a](#tbl1fna){ref-type="table-fn"}n%n%n%Gender\<0.001 Male47733.2155445.8324757.7 Female96166.8183854.2238042.3Age (yrs)\<0.001 mean ± SD46.62 ± 15.1557.59 ± 14.3061.04 ± 15.21 \<4568047.361618.279614.1 45--6455138.3158946.8228540.6 65--741389.679423.4138624.6 \>75694.839311.6116020.6Residential area of Taiwan\<0.001 Northern61943.0120635.6241943.0 Central41328.7112733.2137324.4 Southern40628.3105931.2183532.6Education level\<0.001 \<Junior high (%)26718.6144242.5286450.9 Senior high (%)59841.6132339.0187933.4 \>College (%)57239.862818.588315.7Occupation\<0.001 None36225.2163848.3319156.7 Government1047.21494.42424.3 Agriculture110.8641.91352.4 Business1359.43199.44457.9 Labor1218.42828.34057.2 Other7054994027.7121021.5Household income (NT\$)\<0.001 None (%)22415.6123836.5248144.1 \<40,000 (%)38726.998729.1155927.7 4--90,000 (%)52036.281424.0109219.4 \>90,000 (%)30621.335310.44958.8[^1][^2][^3]

The dental restorative treatment modalities of each group were analyzed according to the type of restorative materials (amalgam vs. composite resin) and type of filled teeth (anterior vs. posterior) ([Table 2](#tbl2){ref-type="table"}). Prevalently utilized restorative procedures, beginning with the most common were: composite resin filling in posterior teeth (CRFP), composite resin filling in anterior teeth (CRFA), and amalgam filling (AF) ([Table 2](#tbl2){ref-type="table"}). CKD subjects possessed the lowest rate of dental restorative utilization and expenditure, including amalgam and composite resin filling, in comparison to HC and HR groups ([Table 2](#tbl2){ref-type="table"}). Of note, only the CRFP demonstrated significant differences in outpatient visits and expenditures among the investigated groups, in which the HC group was greater than the HR group, and then the CKD group (p \< 0.0001) ([Table 2](#tbl2){ref-type="table"}).Table 2The analysis of dental restorative treatment modalities including amalgam filling (AF), composite resin filling on anterior (CRFA) and posterior teeth (CRFP) by annual number of outpatient visits, and expenditures per person of eligible patients from 2000 to 2008.Table 2Parameters/GroupsHC (n = 1438)HR (n = 3392)CKD (n = 5627)p[b](#tbl2fnb){ref-type="table-fn"}**Amalgam filling (AF)** OPD visits/person (mean ± SD)0.31 ± 0.270.32 ± 0.630.31 ± 0.290.257 OPD expenditures/person[a](#tbl2fna){ref-type="table-fn"} (NT\$, mean)3485357432790.0474**Composite resin filling, anterior teeth (CRFA)** OPD visits/person (mean ± SD)0.38 ± 0.360.4 ± 0.360.39 ± 0.360.364 OPD expenditures/person[a](#tbl2fna){ref-type="table-fn"} (NT\$, mean)5394550852180.229**Composite resin filling, posterior teeth (CRFP)** OPD visits/person (mean ± SD)0.61 ± 0.530.56 ± 0.510.5 ± 0.46\<0.0001 OPD expenditures/person[a](#tbl2fna){ref-type="table-fn"} (NT\$, mean)958483787347\<0.0001[^4][^5][^6][^7]

For all restorative treatments at different CKD stages, the annual utilization and expenditures per person generally decreased as the patients\' kidney function became worse, most prominently at CKD stage 5. Notably, the biggest decline was in CRFP (p \< 0.0001) for CKD patients ([Table 3](#tbl3){ref-type="table"}).Table 3The analysis of dental restorative treatment procedures including amalgam filling, composite resin filling on anterior and posterior teeth by annual number of outpatient visits, and expenditures per person of CKD patients at different stages from 2000 to 2008.Table 3Parameters/GroupsStage 1Stage 2Stage 3aStage 3bStage 4Stage 5p[b](#tbl3fnb){ref-type="table-fn"}**Amalgam filling (AF)** OPD visits/person (mean ± SD)0.37 ± 0.380.32 ± 0.260.29 ± 0.260.31 ± 0.30.31 ± 0.280.27 ± 0.240.0009 OPD expenditures/person[a](#tbl3fna){ref-type="table-fn"} (NT\$, mean)3831341329943178316428660.0029**Composite resin filling, anterior teeth (CRFA)** OPD visits/person (mean ± SD)0.39 ± 0.370.37 ± 0.320.42 ± 0.370.42 ± 0.370.42 ± 0.410.34 ± 0.3290.006 OPD expenditures/person[a](#tbl3fna){ref-type="table-fn"} (NT\$, mean)5242501257195470545045780.0447**Composite resin filling, posterior teeth (CRFP)** OPD visits/person (mean ± SD)0.59 ± 0.490.52 ± 0.480.49 ± 0.430.5 ± 0.440.48 ± 0.440.4 ± 0.37\<0.0001 OPD expenditures/person[a](#tbl3fna){ref-type="table-fn"} (NT\$, mean)885878817205720067635781\<0.0001[^8][^9][^10][^11]

Discussion {#sec4}
==========

Dental restorative treatment is an essential aspect of the overall dental service for CKD patients in Taiwan. To our knowledge, this is the first long-term, nationwide population-based cohort study to retrospectively investigate the utilization and expenditure of dental restorative treatment for CKD patients with different CKD stages. The main results show: 1) CKD group demonstrated significant differences in demographic characteristics, and socioeconomic status in comparison to HC and HR group ([Table 1](#tbl1){ref-type="table"}); 2) regarding dental restorative treatments, lowest utilization and expenditure, including amalgam and composite resin filling, were found in CKD subjects when compared with HC and HR groups ([Table 2](#tbl2){ref-type="table"}); 3) the OPD visits and expenditures for restorative treatment for the CKD group decreased significantly according to the progression of CKD stages ([Table 3](#tbl3){ref-type="table"}). These findings provide certain insight into the relationship between CKD and dental restorative treatment services.

In this study, we investigated socioeconomic and demographic data, discovering that patients in the CKD group were more likely to be male, unemployed have low income, and are more than 50% likely to have less than a junior high diploma, suggesting CKD patients possess relative lower socioeconomic level than HC and HR patients ([Table 1](#tbl1){ref-type="table"}). An individual\'s socioeconomic level may be associated with oral health habits, such as cigarette smoking, betel nut chewing, or alcohol consumption, which may eventually determine oral health status.[@bib8], [@bib21] For CKD patients, their sociodemographic characteristics may be associated with oral health behavior and may reflect, at least in part, their dental treatment attitude, behavior and even treatment needs.[@bib8]

First, in our study we investigated socioeconomic and demographic data, finding that group CKD was more likely to be male, unemployed or earning a low income, and more than 50% likely to have less than a junior high diploma. A US study had similar findings, in that people with CKD and limited education or low income have more risk of disability because of socioeconomic disparities.[@bib22] Moreover, patients in our CKD group were more likely to have bad oral habits than were other groups ([Table 2](#tbl2){ref-type="table"}). A cross-sectional study regarding the oral health status of adults in Taiwan found that demographic factors (i.e., gender, marital status, and income levels) are all significantly associated with general health.[@bib23] Thus, our findings highlight the need for more attention to DENT needs for CKD patients.

It has been shown oral hygiene, gingival, and periodontal status were decreased as the stage of CKD increased and was worse among study subjects that the controls.[@bib24] For the prevalence of caries in CKD patients, marked alterations in dental conditions, such as dental caries, were significantly changed among study subjects than the controls and were strongly correlated with the duration of kidney disorders.[@bib5], [@bib25] Furthermore, dental caries did not differ significantly with the stage of the renal disease.[@bib24] In our study, the utilization and expenditures of dental restorative therapy were significantly associated with decreased kidney function ([Table 3](#tbl3){ref-type="table"}). However, in this study, our results could only reflect that dental caries treatment needs were gradually decreased as the patients\' kidney function became worsen because the exact caries status of each participant was not examined by dentist.

A possible explanation for these results is their saliva; decreased salivary flow rates were relatively prevalent in patients with advanced deterioration of kidney function,[@bib26], [@bib27] and were correlated with more dental caries.[@bib27], [@bib28] Interestingly, contrary to our expectation, children with kidney disorders were less affected than health individuals in the control group by dental caries because children possess decreased levels of cariogenic microorganisms and increased concentrations of antibacterial chemicals (i.e., urea).[@bib29]

It is more likely that as renal disease progresses to renal failure and dialysis may be initiated,[@bib30] dental health will deteriorate; patients will become more susceptible to dental caries, and will require more dental care.[@bib27], [@bib28] Nevertheless, the present study found that significantly fewer dental restorative procedures were performed during the investigation period of time. An alternative explanation for the study findings is that as kidney disease progresses ([Table 3](#tbl3){ref-type="table"}), patients become increasingly debilitated and preoccupied with managing their disease, including physician visits, hospitalizations, etc. As a consequence, dental care may not be feasible and becomes less of a priority. Furthermore, dental care may be limited to emergency visits and extractions which may explain the highly significant reduction in composite restoration procedures on posterior teeth. Numerous factors may have a role in deciding the use of dental services, such as dental health literacy, socioeconomic status, geographic barriers, and perhaps financial barriers. However, the exact role of these contributing factors would need further studies and statistical analysis (i.e. multivariate regression analysis) to clarify the impact of deciding the use of dental services of investigated individuals, especially CKD group.

In our study, dental expenditure and utilization may provide contributory information on the deterioration of kidney function in CKD patients ([Table 3](#tbl3){ref-type="table"}), suggesting that attention should be especially paid to dental status in patients with advanced CKD status. The current evidence could enhance the understanding that adequate prevention and management of oral diseases may improve future prospects for CKD patients. Further studies of cohorts to ascertain the causal and effect relationship between oral health, such as caries and CKD progression is urgent needed. Thus, for CKD patients, dental health should be targeted for early intervention to limit the impact of oral diseases, improve quality of life, and prevent further encumber nutrient status, all of which could burden CKD outcomes.[@bib8]

Among those three major restorative procedures, dental amalgam filling was least utilized, particularly in patients with CKD ([Table 3](#tbl3){ref-type="table"}), and the usage was inversely associated with CKD progression ([Table 3](#tbl3){ref-type="table"}). It could be attributed to NHI policy in Taiwan provides more insurance payment for resin materials than amalgam which may explain, at least in part, the extensive usage of resin filling in dental restorative therapy. Although resin materials are most popular, there are several critical drawbacks: polymerization shrinkage, cracking and microleakage of the fillings.[@bib31], [@bib32] In addition, resin-based materials accumulate more dental plaque and become an ecological niche for microorganisms,[@bib31], [@bib32], [@bib33] which, in comparison to amalgam, become more cariogenic as composites do not have the antibacterial effects of, compositions in dental amalgam, such as Hg ions.[@bib34], [@bib35] Recent evidences demonstrated that composite resin restorations in posterior teeth still have less longevity and a higher number of secondary caries when compared to amalgam restorations.[@bib35] On the other hand, detrimental effects of mercury vapor exposure from mercury-containing amalgam fillings may have hazards to health.[@bib35], [@bib36] Dental amalgam remains a safe and effective restorative material, capable of providing a reliable solution for carious teeth.[@bib35] It should be noted that chronic exposure to mercury vapor may induce an immunological glomerular disease because the kidney is a critical target organ and mercury deposition in kidney increases proportionally with the dose.[@bib36] However, on the contrary, a predominance of evidence suggests that mercury-containing amalgam restorative material has caused no renal effects.[@bib36], [@bib37] Nevertheless, there is currently a worldwide trend towards replacing amalgam restorations with mercury-free materials, which are adhesive and promote aesthetics.[@bib35]

In this study, a few limitations still need to be addressed. First, the study is nationwide, population-based control study. However, the study is designed as a cluster randomized without age- or gender-match. The major weakness of this kind of study design is lacking comparability. However, the design allows more accurate sample size increases and expenditure calculations. Second, claims data were identified from the NHIRD under the principal payment code; however, to date, the decision criteria for subjects and their type of restorative treatment modalities, is still judged by clinicians according to individuals\' clinical conditions. Third, the study evaluated only the direct dental restorative costs, including amalgam and composite resin filling expenditures, which the claim date could be retrieved from NHIRD. Currently, there was no available information to determine the indirect restorative procedures, such as onlay and inlay, fixed prosthesis, and other prosthodontics treatments. Finally, the present study may also suffer from detection bias. The research design at the very beginning was retrospective examination and comparison of the expenditures and utilization of medical service for recruited participants from 2000 to 2008. The information was transcribed and further analyzed at that time; however, some confounders could not be further analyzed using the regression model because the NHI database was restricted due to privacy issues. We believe that further statistical analysis would have novel findings regarding these issues if some confounders could be further analyzed using the regression model. As information regarding the proportion of self-payment restorative therapies such as crown/bridge fabrication, inlay or onlay restorations, or dental implant placement were not included in the NHIRD, underestimation of expenditures and utilizations may have occurred in this study. Actually, further studies would be urgent needed to clarify the exact causal relationship between use of dental services and progression of renal disease. Therefore, we should be careful and cautions about the interpretation of the results; the interacting effects of these covariates on the correlation between CKD stages and dental restorative treatment utilization and expenditure still require further investigation.

Despite these limitations, this research has several advantages including the importance of reflecting real-world nationwide population-based database, a relatively large sample size, questionnaire retained face-to-face interview with each participant, and the availability of laboratory results to ascertain CKD stages.

Within the limitation of this study, the findings from this study do, however, provide indirect evidence that if patients with progressive renal failure and receive less dental care, this could place them at increased risk for dental infections. This would pose a significant threat if renal transplantation is undertaken and supports the necessity and justification for a pre-transplant dental health evaluation. Increased attention to dental problems may be warranted during the progression of CKD to alleviate the financial and health burden on public healthcare systems; therefore, nephrologists and dentists should implement multi-disciplinary strategies to evaluate and provide a more comprehensive treatment for CKD patients.
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[^1]: Note: Unless otherwise indicated, values are number (percentage). The eligible subjects were recruited patient from 2008 to 2010. N = 10,457.

[^2]: Abbreviations: CKD, chronic kidney disease; HC, healthy control; HR, high risk; NT\$, New Taiwan dollar.

[^3]: Chi-square test. p \< 0.05 was considered statistically significant.

[^4]: Note: The eligible subjects were recruited patient from 2008 to 2010. N = 10,457.

[^5]: Abbreviations: CKD, chronic kidney disease; HC, healthy control; HR, high risk NT\$, New Taiwan dollar; OPD, outpatient.

[^6]: All outpatient expenditures (NT\$) were rounded to the nearest whole dollar amount.

[^7]: Chi-square test. p \< 0.05 was considered statistically significant.

[^8]: Note: The eligible subjects were recruited patients from 2008 to 2010. N = 10,457.

[^9]: Abbreviations: CKD, chronic kidney disease; HC, healthy control; HR, high risk NT\$, New Taiwan dollar; OPD, outpatient.

[^10]: All outpatient expenditures (NT\$) were rounded to the nearest whole dollar amount.

[^11]: Chi-square test. p \< 0.05 was considered statistically significant.
